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Chapter -1 
1. Introduction: 
Availability of accelerated ion beam of heavy ion (HI) has opened a 
new field of research, since last few decades. One of the important aspects of 
HI reactions is that nuclei with large amount of angular momentum can be 
produced far away from the stability line. Two heavy ion interact through the 
Coulomb field can be scattered elastically or in-elastically with the Coulomb 
excitation. Nuclear interactions can only take place if the two-ion of mass with 
energy Eon in their center-of-mass system is high enough to overcome the 
Coulomb barrier. Since the de-Broglie wavelength of energetic heavy ion is 
much smaller than the nuclear size, heavy ion interaction may be treated semi 
classically. In semi classical picture of heavy ion interaction, it is possible to 
give the complete description in terms of minimal distance between the two 
interacting ion /"min which is related by the impact parameter 'b' as [1]: 
, . = * 11 
I cm 
where, V(rnun) is the nuclear potential between the two ions, Ecm is the energy 
of the two ions in the center-of-mass system. For simplicity the nuclear field 
of target nucleus is assumed to have a sharp boundary of radius RN. Some of 
the important regions that may occur in HI interactions are given below: 
(i) The fusion region, ( 0 < rmu, < Rp). 
(ii) The incomplete fusion and deep inelastic collision region (RF< rmin:^  
RDIC)-
(iii) The peripheral region ( RDIC ^ rmi„ ^  RN )• 
(iv) The Coulomb region ( fnun ^  RN )• 
where, RF= 1.0 (Ai'^+ A2 *^). A large number of measurements suggest that 
RF is somewhat smaller than the sum of the two ion half- density radii. The 
classical pictorial representation of heavy ion interaction is shown in 
Fig.l.l[2] 
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Fig. 1.1 Pictorial representation oflieavy ion interaction with nucleus. 
The effective potential [1] acting between two ions may be given as 
V,(r) = Vn(r) + Vc(r) + Vee„t(r) .1.2 
where, Vn(r) is the nuclear potential between two ions, Vc(r) is the Coulomb 
potential and V^ is the centrifugal potential. 
The strongly attractive nuclear potential represents all 
complicated interaction between two ions for simplicity we use a Saxon-
Woods form, 
Kir)= ^—5- 1.3 
"^ ' . ,r-R. 
l + exp( ) 
a 
where, R= ro [ (A/ '^+ A2 *'^ )] is the separation between the two ions when they 
are just touching with each other and ro = 1. 32 fin, Vo is the potential depth 
and *a' is the diffusion parameter. 
The repulsive Coulomb potential, Vc may be given as 
1 ^p^re"" 
Vc{r) = - r>RT 1.4 
4;rf„ r 
'0 
1 Zp Zj.e .^2 
yc(r) = - ——(3-—) T<Rj 1.5 
4fKg 2R(, R^ 
where, Zp, Zy are the atomic numbers of the projectile and target ions 
respectively and *e' is the electronic charge. 
The repulsive centrifugal potential Kenti'') is given by 
_n^ 1(1+1) 
2/j r^ V^(r) = ^ ^ ^ ^ 1.6 
where, ji is the reduced mass of the projectile and target ions and ^ is the 
relative angular momentum of the nuclei. The sum of these three potentials 
terms gives a series of potentials that depend upon /and the radial distance r. 
A Plot of Vfir), the effective potential as the fiinction of separation between 
the ions for the system ^ °Ne + "Mn is shown in Fig. 1.2 for different i values. 
It is noteworthy that for the smaller angular momenta there is a pocket in the 
potential, which disappears with increasing / . 
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Fig. 1.2 Effective potential for ^ '^ ef^ ^Mn as a function of 
relative separation l>etween the ions for difiTerent values of 
angular momentum /. 
The nuclear reaction that may occur between two heavy nuclei can be 
related to entrance channel parameters e.g. the total system mass, projectile 
energy and classical impact parameter or orbital angular momentum. 
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Angular momentum h=L, ClJt 
Rg. 1.3. Schamatic picture of the contributions of different partial 
waves to the reaction cross-section for a collision t>etween 
two hwavy ions. The relative proportions of the various 
norv-elastic events varies with energy and masses of the ions. 
These factors determine the degree of interpenetration of the target and 
projectile matter distribution during the reaction. The classification of the 
possible reaction at projectile energies above the Coulomb barrier is shown in 
Fig. 1.3. For the values of angular momentum greater than critical value ^cnt, 
the composite system breaks apart instead of fusing. It is evident from this 
figure that angular momentum plays a very important role in heavy ion 
reactions. 
The absorption of the complex projectile by complex target nucleus 
means that, after a while, nucleons from the projectile and target lose their 
previous collective and individual characteristics and feel only the single 
nuclear potential that they generate. All the kinetic energy allowed by the 
conservation of momentum is shared among all accessible degrees of freedom. 
There is of course a continuous evolution between the first step of the collision 
and the last stage when a new nuclear excited species, the compound nucleus 
is formed. As soon as the nuclear forces act between two incident partners, 
there is the dissipation of energy from the relative motion to the excitation 
energy, and progressively more and more nucleons are involved by the heating 
up. Then it may be said that a frision process goes on until" Complete Fusion" 
is achieved. 
For a compound nucleus to be formed, mass transfer has to occur which 
depends on the overlap of the two nuclei so that the collective degree may play 
an important role. It is assumed generally that during the complete frision 
process, there is randomization of the kinetic energies among the different 
nucleons belonging to the target as well as the projectile. But, before the 
established of equilibrium the particle emission may take place, when the 
excitation energy is very large. Such a pre-compound or pre-equilibrium decay 
has been extensively studied on its theoretical aspect by Griffin [3], Blann [4], 
Gadioli [5] and there are experimental evidences, on the neutron and proton 
energy spectra, for the high energy tail due to a non negligible flection of the 
particle coming out at the very beginning of the frision process [6]. 
In the recent years there has been considerable interest in the study of 
complete fusion (CF) and incomplete fusion (ICF) in heavy ion reactions at 
projectile energy range 4-10 MeV/ nucleon [7-12]. At these energies, the 
projectile nucleus fuses with the target nucleus and decay of the compound 
nucleus proceeds via the emission of the light particles resulting in the 
formation of the residues or the fissioning of the composite system. At higher 
incident energies this picture starts to become invalid, and something happens 
to the complete fusion. The compound nucleus momentum starts to fall behind 
the full projectile momentum, indicating that no longer the entire projectile 
participate in the compound nucleus formation. What actually happens, it 
depend on many variables, such as bombarding energy, mass of the projectile 
and target, impact parameter and so on. One possibility is that a portion of the 
projectile may fuses with the target nucleus with the target nucleus while the 
remainder proceeds in the forward direction much as spectator with nearly the 
beam velocity hence incomplete momentum transfer takes place. If one starts 
at zero impact parameter, where assumed that the "complete fusion" occurs, 
the emergence of the above phenomenon which is called "Incomplete fusion" 
takes place at little higher impact parameter. Britt and Quinton [13], Galin et al 
[14] and Inamura et al [15] were fu t^ who identified in incomplete fusion 
reaction mechanism. 
Some of the important features of the incomplete fusion (ICF) are given 
below [16]: 
(i) They are observed in case of low projectile (Z<10) e.g. '^C, '^O, ^ ^e . It 
has been found that in case of heavy ion projectile the many combinations 
of a cluster i.e. a, 2a, 3a etc. may be possible hence the reactions become 
more complicated, 
(ii) Incomplete fusion (ICF) reaction starts competing with CF reaction just 
above the Coulomb barrier, 
(iii) Mass transfer occurs mostly from lighter projectile to the target and 
this feature become more prominent for mass asymmetric system, 
(iv) The out going particles have forwarded peaked angular distribution and 
energy spectrum peaked at beam velocity [15]. These are also called break 
up fusion or massive transfer, 
(v) Projected recoil range distribution measurement of evaporation residue 
(ERs) show low range component suggesting incomplete momentum 
transfer, which leads to presence of ICF. 
Several techniques are used for the study of reaction mechanism, among 
which measurement of the excitation functions using activation technique is 
one of the powerful tool at low and medium heavy ion energies [17]. Here the 
activities induced in the radioactive residual nuclei is measured off-line. The 
main advantage of activation technique is the possibility of measuring 
excitation functions for the production of large number of residues in one 
irradiation. Thus, considerable economy of the accelerator beam time can be 
achieved. 
The present woric has been imdertaken with the aim to understand 
reaction mechanism applicable to the system ^'^e + ^^ Mn, in the energy range 
below 164 MeV °^Ne beam. Moreover, this work is also aimed to provide the 
new experimental data, which are not available in the literature. Fig. 1,4 shows 
the complete fusion of '^'Ne ion beam with target nucleus ^^ Mn. In the 
incomplete fusion of '^O, *^ C and a-particle fragments (in the break up on 
Projectile 
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Fig.1.4 Pictorial representation of CF of ^ "Ne with ^ n . 
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Fig.1.5 Pictorial representation of ICF of "O with *^Mn. 
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Fig.1.6 Pictorial representation of ICF of a with ^^n. 
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Fig.1.7 Pictorial representation of ICF of "C with ^ n . 
^^e) with the target nucleus ^^ Mn are shown in Figs. 1.5-1.7. The experiment 
has been performed using Variable Energy Cyclotron Centre at VECC, 
Kolkata. The conventional stacked foil activation technique has been 
employed. The excitation functions for the reactions ^^Mn(^^e, 2pn)^ ^As, 
"Mn(^ **Ne, a)'^As, "Mn(^^e, an)^°As "MnC^'^e, apn)^'Ge, 
"Mn(^%e, ap4n)**Ge, "Mn(^^e, 2a/^Ga ^^ Nfn(^ *^ e, 2an)"Ga, 
"Mn(^*^e,2a2n)*^Ga, and "Mn(2°Ne, a3n)*^Cu have been measured m 
the energy range between 51.4 and 163.8 MeV. Experimental details have 
been given in Chapter n. Description of the measured excitation functions is 
given in Chapter HI. The Monte-Carlo simulation nuclear reaction code 
PACE-2 [18] is described briefly in Chapter IV. A comparison of the 
measured excitation functions with the theoretical model calculations, using 
the above code, in the light of complete and incomplete fusion reaction 
mechanisms, along with discussions and conclusions are presented the 
Chapter V. 
References: 
[I] P. E. Hodgson, Nuclear heavy ion Reactions, Chapter 1, Clarendon 
Press, Oxford (1978). 
[2] P. E. Hodgson, E. Gadioli and E. Gadioli Ebra. Introductory Nuclear 
Physics, Chapter 23, Clarendon Press. Oxford (1997). 
[3] J. J. Griffin, Phys. Rev. lett. 17 (1966) 478. 
[4] M. Blann, Phys. Rev. lett. 21(1966) 1375. 
[5] E. Gadioli, Nucl. Phys. 28 (1972) 757. 
[6] A. Chevarier, N. Chevarier, A. Demeyer, G. Hollinger, P. Pertosa, Tran 
Minh Due, Phys. Rev. C 8 (1973) 2155, Phys. Rev. CI 1 (1975) 886. 
[7] D. J. Parker, J. Asher, T. W. Conlon and I. Naquib, Phy. Rev C 30 (1984) 
143. 
[8] B. S. Tomar, A. Goswami, A.U.R. Reddy, S. K. Das, P. P. Burte and S. 
B. Manohar and Bency John Phy. Rev. C 49 (1994) 941. 
[9] M. K. Shaima et al, Phy. Rev. C 70 (2004) 044606. 
[10] Anil Sharma, B. Bindukumar, S. Mukherjee, S. Chakrabarty, B. S. 
Tomar, A. Goswami and S. B. Manohar. 
[II] D. Singh, M. Phil. Dissertation, Aligarh Muslim University, Aligaih 
(2003). 
[12] S. Gupta, Ph.D. Thesis, Aligarh Muslim University, Aligarh (2001). 
[13] H. C. Britt and A. R. Quinton, Phys. Rev. 124, (1964) 877. 
[14] J. Glain, B. Gatty, D. Guirean, C. Rousset, V. C. Schlotthauervoos and X. 
Tarrago, Phys. Rev. C 9 (1974) 1126. 
10 
[15] T. Inamura, M. Ishihara, T. Fakuda, Shimoda, H. Hiruta, Phys. Lett. B. 
68(1997)51. 
[16] S. Chakrabarty, B. S. Tomar, A. Goswami, G. K. Gubbi, S. B. Manohar, 
Anil Shanna, B. Bindu kumar and S. Mukhegee, Nucl. Phys. A 678. 
(2000) 355. 
[17] E. Gadioli et al, in Nuclear Science Research Conference Series, Vol.12, 
eds. Z. Wilhemi and G. Szeflinska, Harwood Academic, London, (1987). 
[18] A. Gavron, Phys. Rev. C 21 (1980) 230. 
11 
VMm^tmimimmmx^^M mmmtm^mi^Mmmmmmmomtmmmm/mm'^Kmmmmmmmmr/mmmAmmmm/Mmemmfimmf^ 
Chapter-II 
Experimental Details 
^^'^•'''^''^'•^^^''''^s^'^^f'i^^^m^mmm^mmmmm/mm^ y'^^'^'^-^^^mmmcmsmmmm^mmmmcmmm 
Chapter- II 
Experimental Details 
2.1 Activation Technique: 
The measurement of the yield of the residues produced in a particular 
reaction is Ac most accurate way of measuring the cross-section of that 
reaction. This may be done by detecting the gamma rays of the residues if the 
residues are radioactive, by using the two techniques: 
(i) ON-line or In-beam studies (ii) OFF- line or off-beam studies 
The ofiF-beam measurement provide by far more accurate result 
not only because the background in gamma spectra is much smaller, but also 
because each residue may be identified both through the energy of its 
characteristic gamma lines and its life time by measuring the variation with 
time of the activity [1-2]. The stacked foil activation technique is a method of 
measuring the excitation function of a particular reaction in a single 
irradiation. In this technique a stack of sample along with catcher and energy 
degraders be irradiated in a fixed geometry, by placing the target material 
normal to the incident projectile beam. In general, several activities due to 
various residual radioisotopes of different reactions are produced in an 
irradiated sample. One of the major advantages of activation techniques is, that 
the measurement of cross-section for more than one reaction is possible in 
irradiation. It is important to note that activation technique is limited only for 
the reaction products which are radioactive and having measurable and 
12 
convenient half-lives. Still the activation analysis is quite simple and accurate, 
but sometimes it becomes more complicated due to the presence of radiations 
(y-rays) of almost similar energies from more than one reaction products or in 
other words due to presence of interfering reactions. In case of mixing of 
gamma rays due to different isotopes, the contribution from each isotope can 
be separated out on the basis of their half-lives, by following the induced 
activities for a considerably longer period. 
In the present work we have studied the ^*^e- induced reaction 
cross-section by OFF- beam technique. Here a stack of samples along with the 
desired energy degraders was irradiated with ^^e beam. Activities induced 
in each foil are recorded by 40 cm^ HPGe- detector coupled to PC based data 
acquisition system at VECC Kolkata. The principle of off beam studies is to 
analyse the activity of the residual nucleus obtained from the particular 
reaction. To use this technique the prior knowledge of the energy levels and 
decay schemes of residual nuclei are required. 
2.2 Target Preparation: 
The targets of ^^ Mn were prepared by vacuum evaporation 
technique. The ^^ Mn material was deposited on aluminum foil of thickness 1.2 
mg/cm . The thickness of Mn deposits on aluminimi backing was 820 
fig/cm . The target foils were cut into pieces of 1.5x1.5 cm and were pasted 
over aluminum holders of regular size having concentric holes of size 10 mm 
diameter. The aluminum holders of the same size were used to reproduce the 
target geometry and also for rapid heat dissipation. Samples for irradiation 
were taken in the form of the stack of these targets interspersed with thin 
13 
aluminium foils. The aluminum backing of ^^ Mn samples along witii 
aluminium foils served both as energy degraders as well as catchers for 
recoiling residues that may be trapped into its thickness. 
2.3 Energy Calibration of the Detector: 
One of the most important tasks in any spectroscopic work is the energy 
calibration of the gamma ray spectromet^, and the identification of measured 
gamma rays. In case of activation technique, a large number of residual nuclei 
may be produced and each nucleus has a number of gamma rays. To identify 
the residual nuclei, their characteristic gamma rays are to be identified. For 
such purpose, a detector of good resolution and proper calibration is required. 
The detector efficiency for a given source - detector geometry must be known. 
In the present measurement, a 40 cm^ HPGe detector has been calibrated by 
using the standard *^ E^u y- ray source of known strength. The source for 
calibration was obtained fi-om the Variable Energy Cyclotron Center, Kolkata. 
The '^ ^Eu source decays by emission of various intense and well resolved y-
rays with in the energy range fi"om 120 keV to about 1400 keV. The residual y-
activities induced in each target foil were recorded by a pre-calibrated 40 cm^ 
HPGe detector, coupled to a PC based data acquisition system at VECC, by 
placmg the Eu source at the suitable distances in fi-ont of the HPGe detector. 
The prominent y- rays that are used in the present calibration along with their 
intensities are listed in Table. II. 1.Characteristic gamma ray spectrum of '^ ^Eu 
is also displayed in Fig. 2.1. 
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Table ILl y-rays and their absolute intensities in standard y-source 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Gamma rays 
energy (KeV) 
121.8 
244.7 
344.3 
411.1 
444.0 
778.9 
867.4 
964.0 
1085.8 
1089.8 
1112.1 
1213.0 
1299.0 
1408.0 
Absolute Intensity, 
e (%) 
28.4 
7.5 
26.6 
2.2 
2.8 
13.0 
4.2 
14.5 
9.9 
1.7 
13.6 
1.4 
1.6 
20.8 
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2.4 Detector efficiency: 
To calculate the y- ray detection efficiency of the 40 cm HPGe 
detector, *^ E^u standard y- ray source of known strength was used. Variation of 
efficiency with energy for detectors of roughly same size and shape is similar 
even though the absolute values may differ. Hie accuracy of the measurement 
depends upon the accuracy with which detection efficiency is measured. The 
detection efficiency can be calculated by using the relation. 
B 
where, B is the observed disintegration rate of the gamma ray source at the 
time of experiment. Bo is the absolute disintegration rate of Eu gamma ray 
source at the time of manufacturing, G is the geometry factor, which takes into 
account the solid angle subtended by tiie detector at the detector position, 9 is 
the absolute intensity of the gamma ray. The probable error in the 
determination of the geometry factor has been avoided by calculating the 
geometry dependent efficiency by using the formula: 
B 
"^^  ~ 5o exp(->l/)^ ^-^ 
We call SQ as geometry dependent efficiency of the detector. By using the 
source detector separation assembly as shown in Fig. 2.2, the standard source 
and irradiated target were counted in the same geometry. A x^ - fitting 
15 
program, using polynomial of degree 3 having the following form was found 
to give the best fit for these curves. 
8G=aoE''+ ai E '+ azE^+ajE^ .2.3 
where, the coefficients ao, ai, a2, and as are having different values for 
different source- detector distances and E being the energy of characteristic 
gamma rays. Typical geometry dependent detector efficiency cxuves at four 
different source-detector distances is shown in Fig. 2.3. 
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Fig.2.2 Typical arrangement for the source-detector separation assembly. 
2.5 Irradiation of the Target: 
Samples takes in the form of stack were irradiated with 165 MeV '^^ Ne 
ion beam at Variable Cyclotron Center, Kolkata. Samples of the stack were 
arranged in such a way that target material were facing the beam, so that the 
16 
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Fig. 2.3. Typical geometry dependent efficiency curves for various source-
detector distances. 
recoiling residual nuclei may be trapped in the aluminium backing. 
The stack of the target was irradiated for about 5 hour 30 min, keeping view 
the half-lives of interest. The energy of ^ *^ Ne- ion beam incident on each foil in 
the stack was calculated from the energy degradation of initial beam energy, 
using the stopping power table of Northcliffe and Schilling [3]. In these 
calculations energy and range straggling have not been taken into accoimt due 
to their small effect. A typical diagram of the flange used for target irradiation 
is shown in Fig.2.4. In the flange used for target irradiation a collimator of 5 
mm diameter was used to collimate the beam in the center of target stack. 
Charge integrator attached to Faraday's Cup monitored the coUimated beam 
falling on the targets. After the irradiation and cooling, a 40 cm^ HPGe 
detector, coupled to PC based data acquisition system at VECC, Kolkata, was 
used to record spectra of residual activity in individual foils. 
2.7 Experimental Errors: 
The factors likely to introduce errors and imcertainties in the present 
measurements and their estimate are given as: 
(i) In order to estimate the number of the nuclei present in the sample and to 
check the thickness and non-uniformity deposition of the target material target 
samples were weighted on an electronic balance. The non-uniformity in the 
target material thickness may introduce an error less than 4%. 
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(ii) The fluctuation in the beam current may result in the variation in the 
incident flux. The error due to this factor has been incorporated by taking the 
weighted average of the beam current and is estimated to be less than 9%. 
(iii) The statistical errors in the counting of the characteristic gamma- rays of 
standard ^^ E^u source used for the efficiency calculation were estimated to be 
less than 6%. 
(vi) The dead time in the pulse processing electronics may lead to a loss in the 
counts. Adjusting the sample-detector distance minimizes the dead-time 
correction, so that dead time is limited below 10%. However, the correction 
for it has been applied in the counting rate. 
(v) The errors due to decrease in the beam intensity due to the scattering in the 
ion- beam traverse through the stack is estimated to be less than 1%. 
(vi) Errors associated with the straggling of the ion-beam are estimated to be 
less than 2%. Moreover, the errors associated with spectroscopic data like 
branching intensity and half-life of the product nuclei, taken from the Table of 
Isotopes [4] have not been taken into account, because any revision in the 
spectroscopic data would permit an easy re-calculation of the cross-section in 
future. 
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Measurements 
Chapter - m 
Measurements: 
The experiment was perfonned at Variable Energy Cyclotron Centre 
(VECC), Kolkata, India. In this experiment, stack comprises of eight ^^ Mn 
targets having thickness of each target as 820 {ig/cm^ deposited on the 
aluminium backing of thickness 1.2 mg/cm has been used along with thin 
aluminiimi foils of desired thickness. The activities induced in the irradiated 
samples were analyzed using Pre-calibrated HPGe detector. Various reactions 
induced by the °^ Ne beam on ^^ Mn target were measured by detecting the 
characteristic y-rays obtained from the decay of residual nuclei. Typical 
gamma-ray spectrum of ^^ Mn irradiated by 117 MeV ^^e beam has been 
displayed in Fig. 3.1. 
In the present experiment, the excitation frmctions for the reactions 
"Mn(^^e, 2pn)'^As, ^^Mn(^%e,a)'*As, ^^Mn(^^e,an)^°As 
"Mn(^°Ne, ap4n)^Ge, ^^Mn( '^^ e,apn)^^Ge, "Mn(^^e, 2a/^Ga 
^^Mn(^^e, 2an)*^Ga, "Mn(^^e, 2a2n) *^ G^a and "Mn(^Ne, SaSn^Cu 
have been measured at various energies between 51.4 and 163.8 MeV *^*Ne 
ion beam. The Coulomb barrier energy for the system ^^e + ^^ Mn comes out 
to be 38.6 MeV. The spectroscopic data for the measured reactions are listed 
in Table in. 1. 
The following expression has been used for the cross-section 
measurement [1]; 
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Table III.1 Spectroscopic data for measured reactions: 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Reaction 
"Mn(^*Ne,2pn)^As 
"Mn(2°Ne,a)^*As 
"Mn(^ "Ne,an)^ °As 
"Mn(^ °Ne,a4n)*^Ge 
"Mn(^ "Ne,apn)^ 'Ge 
"Mn(2'*Ne, 2a) **'Ga 
"Mn(2"Ne,2an)**<*Ga 
"Mn(2°Ne.2a2n)"Ga 
"Mn(2"Ne, 3a3n)**Cu 
Half-life 
26.0h 
65.3h 
53.0m 
2.3h 
39.0h 
78.3h 
9.4h 
15.0m 
23.0m 
Spin, r 
2" 
5/2" 
4" 
0" 
5/2-
3/2-
0^  
3/2" 
t 
EyCKeV) 
631.5 
174.4 
594.8 
668.1 
743.6 
1113.7 
1338.7 
108.3 
574.0 
871.8 
1107.1 
183.8 
299.7 
1039.9 
115.5 
1333.4 
Branching 
Intensity,6 
(%) 
7.9 
83.0 
16.0 
21.0 
21.0 
21.2 
8.9 
10.0 
13.3 
11.9 
36.0 
20.0 
16.6 
37.9 
55.0 
8.8 
_ y4>lexp(A/2) 
' NoO^af^i^ - exp(->^,)] [1 - exp(l - Qxp{-Ai^)] 
where, A is the total number of counts recorded under the peak in time ta. X 
is the decay constant of the product nucleus. No is the total number of nuclei 
present in the target, <|> is the incident beam particle flux, ^G is the geometry 
dependent efiQciency of the HPGe detector, K is the self-absorption correction 
of y-ray in the target, ti is the irradiation time of the stack, ti is the time elapsed 
between end of the irradiation and start of the counting and U is the counting 
time. 
The measured excitation functions for the reactions are the " weighted 
average" of the cross-section values corresponding to the various identified y-
rays. The Q- values for the various reactions are calculated using the atomic 
mass table of Wapstra and Gove [2]. The various spectroscopic data such as 
half-life, y- ray energy and absolute y- rays intensities are taken from the 
references [3-5]. 
If CTi, a2, as, GQ are the measured cross-section and Aai, Aa2, 
A03 ACTn are the experimental errors respectively for the some 
reaction due to the different y- rays, then CTJ ± ACTI, 02 ± Aa2, 03 ± Aoa, 
CTn ± Acn are the experimentally measured cross-section due to the 
different y- rays. Therefore, the weighted average cross-section [6] is 
determined as. 
<7 = 
21 
where, ^/ = ,^ _ .2 > I 
The internal error (LE) is given by. 
Thus the LE. entirely depends on the individual observations. However, 
the external error (E.E) is given by 
y w,((T-cr) 
E£.= ^ '^ ' 3 1 
wCw -l)2^w,. 
which depends on difference between observed and mean value. Therefore, 
the internal error depends on the internal consistency, where as the external 
error is a function of the external consistency of the observations. Details of 
each measured reactions and their excitation functions at different energies are 
given below: 
3.1 The reaction **Mn (^ N^e, 2pn) "As [ Ti/2=26.0 h, r = 2 ] : 
The excitation function for the reaction ^^ Mn (^^e, 2pn) ^^ As has been 
measured at three different energies of ^ °Ne from 51.4 ± 2.2 MeV to 87.7 ± 1.8 
MeV. The evaporation residue "As is formed by Complete fusion (CF) of 
^^e with "Mn forming the composite system ^^ Br followed by the emission 
of 2 proton and 1 neutron. The residual nucleus^As decays to "Ge by EC 
(23%) and p^ (77%). To study this reaction we followed the y- rays of 631.1 
keV corresponding to 26.0 h half-life of the product nucleus "As. The 
measured cross-sections at different beam energy have been listed in Table 
m.2. 
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3.2 The Reaction ^^ii(^*Ne, a)^ *As [7^= 65.28 h, r = 5 / 2 ] : 
The excitation function for the reaction "Mn (^^e, a) ^^ As has been 
measured at six different energy of *^*Ne from 51.4 ± 2.2 MeV to 133.7 ± 1.4 
MeV. The evaporation residue ^^ As is formed by Complete fiision (CF) of 
°^Ne with ^^ Mn forming the composite system ^^ Br followed by a-particle 
emission. The residual nucleus decays to '^ Ge by EC (68%) and p^ (32%). To 
study this reaction we followed the y- rays of energy 174.4 keV corresponding 
to 65.28 h half-life of the product nucleus '^As.The same evaporation residue 
may be formed by the incomplete fusion (ICF) of ^He (if ^^e break-up into 
and *^0 and a). The measured cross-section therefore may include 
contribution from incomplete fusion along with the complete fusion process. 
The measured cross-section involved in the measurement has been given in 
Table m.2. 
33 The Reaction *^Mn(^ "Ne, an)^ "As [Ti/2= 53.0m, V = 4^: 
The excitation function for the reaction ^^ Mn (^ °Ne, anf^As has been 
measured at five energy range of ^ '^e from 87.7± 1.8 MeV to 150.4±1.3 MeV. 
The residual nucleus decays to °^Ge by EC (16%) and p^(84%). To study this 
reaction we followed the y- rays of energy 594.8 keV, 668.1 keV, 743.6 keV, 
1113.7 keV and 1338.7 keV corresponding to 53.0 m half-life of the product 
nucleus ^°As. The evaporation residue '°As is formed by complete fusion (CF) 
of ^^e with ^^ Mn forming the composite system ^^ Br followed by a-particle 
and 1 neutron. The same evaporation residue may be formed by the 
incomplete fusion (ICF) of ^He fragment (if ®^Ne break up into '^ O and a) 
23 
followed by the emission of a neutron. The measured cross-section therefore 
may include contribution from incomplete fusion along with the complete 
fusion process. The measured cross-section involved in the measurement has 
been displayed in Table in.2. 
Table in.2. Measured cross-sections for the production of As isotopes. 
Etab (MeV) 
51.4 ±2.2 
70.7 ±1.9 
87.7 ±1.8 
103.0 ±1.6 
117.2 ±1.5 
133.7 ±1.4 
150.4 ±1.3 
GCAS) 
(mb) 
70.0 ±3.1 
112.8 ±10.3 
23.4 ±6.8 
— 
— 
— 
— 
CT ('*AS) 
(mb) 
7.9 ±1.1 
126.0 ±11.4 
205.5 ±18.6 
70.9 ±8.8 
12.2 ±1.6 
1.4 ±0.2 
— 
a ('•As) 
(mb) 
— 
— 
36.4±3.6 
85.8 ± 5.0 
57.8 ± 9.5 
16.9 ±1.3 
5.3 ± 3.7 
3.4 The Reaction **Mn(^ "Ne, apn) ^ 'Ge [Ti/2=39.0 h, T = 5 / 2 ] : 
The excitation function for the reaction "Mn (^'^e.apn) ^^ Ge has 
been measured in the energy range of ^^e from 117.2 ± 1.5 MeV to 163.8 ± 
1.3 MeV. The residual nucleus decays to ^ 'Ge by EC (64%) and p"^  (36%). To 
study this reaction we followed the y- rays of 574.0 keV, 871.8 keV, 1107.1 
keV corresponding to 39.0 h half-life of the residual nucleus '^ ''Ge produced in 
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the complete fiision of °^Ne with ^^ Mn followed by the emission of a- particle 
1 proton and 1 neutron from the compoimd nucleus. The same evaporation 
residue may be formed by the incomplete fusion of '*He (if *^*Ne break up 
into'^O and a) followed by the emission of 1 proton and 1 neutron. The 
measured cross-section therefore may include contribution from incomplete 
frision along with the complete frision process. The measured cross-sections 
have been given in Table in.3. 
3.5 The Reaction **Mii(^ "Ne, ap4n)"Ge [Ti/2= 2J h, r=0*]: 
The excitation function for the reaction ^^ Mn (^ **Ne,ap4n) *^ Ge has 
been measured in eight energy range of ^ °Ne from 117.2 ± 1.5 MeV to 163.8 ± 
1.3 MeV. The residual nucleus decays to "Ga by EC (73%) and p*(27%). To 
study this reaction we followed tiie y- rays of 108.3 keV corresponding to the 
evaporation residue ^Ge which is formed by complete fusion (CF) of ^*^e 
with Mn forming the composite system Br followed by the emission of 
la- particle, 1 proton and 4 neutrons. The same evaporation residue may be 
formed by the incomplete fusion of *He (if ^^ 'Ne break-up into '*0 and a) 
followed by the emission of 1 proton 4 neutrons. The measured cross-section 
therefore may include contribution from incomplete fusion along with the 
complete fusion process. The measured cross-section involved in the 
measurement has been given in Table 111.3. 
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3.6 The Reaction ^ '^ MnC^e, 2a/ 'Ga [Tin= 78.3 h, J* = 3/21: 
The excitation function for the reaction ^^ Mn (^*^e, 2a) ^^ Ga has been 
measured at eight energies of ^^e beam from 51.4 ± 2.2 MeV to 163.8 ± 1.3 
MeV. The residual nucleus decays to *^ Z^n by EC. In this reaction, we have 
taken into consideration the precursor decay. Here the measured cross-sections 
are cumulative cross-section of production of ^^ Ga either by decay of Ge or 
by direct production. The cross-section of independent production of Ga has 
been calculated using the expression given by Cavinato et al [7]: 
f^cum -^D -^^P rpD _rpP or 
^\ll ''1/2 
ind 
P 
Table H U Measured cross-sections for the production of Ge isotopes. 
Etob (MeV) 
51.4 ±2.2 
70.7 ±1.9 
87.7 ±1.8 
103.0 ±1.6 
117.2 ±1.5 
133.7 ±1.4 
150.4 ±1.3 
163.8 ±1.3 
a("Ge) 
(mb) 
— 
— 
— 
3.2 ±0.6 
12.7 ± 3.8 
11.5 ±3.4 
4.8 ±0.5 
13.7 ±2.3 
aC^'Ge) 
(mb) 
12.3 ±1.2 
132.9 ±6.2 
93.3 ±4.7 
51.4 ±2.4 
87.7 ±4.0 
47.1 ±2.2 
18.3 ±0.9 
8.8 ± 0.5 
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where T^i^ and T^2 are the half-life of parent and daughter nuclei, P? is the 
branching ratio, c ^ is the cumulative cross-section of daughter and cr'p 
is the independent cross-section of parent production. 
To study this reaction we followed the y-ray of energy 183.8 keV and 
299.7 keV corresponding to 78.3 h half-life of the residual nucleus ^^ Ga 
produced m the complete fusion of ^^e with ^^ Mn followed by the emission 
of 2a-particles. The same evaporation residue may be formed by the 
incomplete fusion of *Be i.e. 2a-particle (if ^^e break up into ^^ C and 
*Be(2a)). The measured cross-sections therefore may include contribution 
from incomplete fusion (ICF) along with the complete fusion (CF) process. 
The measured cross-section for the independent production of ^^ Ga has been 
displayed in Table in.4. 
3.7 The Reaction *^n(^"Ne, 2an)*^Ga [Tm = 9.4 h, T = 0*]: 
The excitation function for the reaction ^^ Mn (^^e, 2an) ^Ga has 
been measured in the energy range of ^^e ion beam from 87.7 ± 1.8 MeV to 
163.8 ± 1.3 MeV. The residual nucleus decays to ^Zn by EC (43.5%) and p^ 
(56.5%). In this reaction, we have taken into consideration the precursor 
decay. Here the measured cross-sections are the cumulative cross-section of 
production of ^Ga either by decay of ^Ge or by direct production. The cross-
section of independent production of ''^ 'Ga has been calculated using the 
expression given by Cavinato et al [7]. To study this reaction we followed the 
y-rays of 1039.9 keV corresponding to 9.4 h half-life of the residual nucleus 
Ga produced in the complete fusion of ^%e with "Mn followed by the 
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emission of 2a- particle and 1 neutron. The same evaporation residue may be 
formed by the incomplete fusion of *Be i.e. 2a-particle (if *^*Ne break up 
into'^C and 2a) followed by the emission of 1 neutron. The measured cross-
section therefore may include contribution from incomplete fusion along with 
the complete fusion process. The measured cross-sections for the independent 
production of ^ Ga have been given in Table in.4. 
3.8 The Reaction **Mn(^e, 2a2n)'^Ga [Ti/2= 15.0 m, V =3/2]: 
The excitation function for the reaction ^^ Mn (^ **Ne, 2a2n) ^^ Ga has 
been measured in eight energy range of ^*^e beam from 51.4 ± 2.2 MeV to 
163.8 ± 1.3 MeV. The residual nucleus decays to "Ga by EC (14%) and ^^ 
(86%). To study this reaction we followed the y-rays of 115.5 keV 
corresponding to 15.0 m half-life of the residual nucleus ^ ^Ga produced in the 
complete fusion of ^^e with ^^ Mn followed by the emission of 2a- particle 
and 2 neutrons. The same evaporation residue may be formed by the 
incomplete fusion of *Be i.e. 2a-particle (if ^Ne break up into'^C and 2a) 
followed by the emission of 2 neutron. The measured cross-sections therefore 
may include contribution of incomplete fusion along with the complete fusion 
process. The measured cross-section obtained in the measurement has been 
given in Table III.4. 
3.9 The Reaction '*Mn(^ "Ne, 3a3n)"Cu [Ti/2= 23.0 m, V =2^]: 
The excitation function for the reaction "Mn (^ °Ne, 3a3n) ^Cu has 
been measured at four energies of ^%e ion beam from 117.2 ± 1.5 MeV to 
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163.8 ± 1.3 MeV. The residual nucleus decays to ^ i by EC (7%) and p"^  
(93%). To study this reaction we followed the y-rays of energy 1333.4 keV 
corresponding to 23.0 m half-life of the residual nucleus ^Cu produced in the 
complete fusion of ^^e with ^^ Mn followed by the emission of 3a- particle 
and 3 neutrons. The same evaporation residue may be formed by the 
incomplete fusion of '^ C i.e. 3a-particle (if ®^Ne break up into '^ C and *Be) 
followed by the emission of 3 neutron. The measured cross-section tiierefore 
may include contribution fix>m mcomplete fusion along with the complete 
Table in.4. Measured cross-sections for the production of Ga isotopes. 
Etob (MeV) 
70.711.9 
87.711.8 
103.011.6 
117.211.5 
133.711.4 
150.411.3 
163.811.3 
a CGR) 
(mb) 
7.317.5 
49.213.2 
185.8110.7 
253.5113.4 
91.515.3 
31.612.6 
52.513.4 
a("Ga) 
(mb) 
— 
57.617.4 
42.115.7 
88.5112.5 
105.0114.7 
67.519.2 
37.216.5 
a(**Ga) 
(mb) 
— 
805.21198.7 
359.9160.3 
166.0131.0 
135.1122.7 
172.1128.8 
— 
fusion process. The cross-sections obtained in the measuremoit have been 
given in Table 111.5. 
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3.10 The Reaction **Mii(^ "Ne, 3a3nrCu [Tm=23.0 m, V =2*]: 
The excitation function for the reaction "Mn f Ve, 3a3n) ^Cu has 
been measured at four energies of ^^e ion beam from 117.2 ± 1.5 MeV to 
163.8 ± 1.3 MeV. The residual nucleus decays to ** i^ by EC (7%) and p^ 
(93%). To study this reaction we followed the y-rays of energy 1333.4 keV 
corresponding to 23.0 m half-life of the residual nucleus ^Cu produced in the 
complete fusion of ^^e with ^^ Mn followed by the emission of 3a- particle 
and 3 neutrons. The same evaporation residue may be formed by the 
incomplete fusion of ^^ C i.e. 3a-particle (if °^Ne break up into '^ C and *Be) 
followed by the emission of 3 neutron. The measured cross-section therefore 
Table III.5. The measured cross-sections for the production of Cu isotope. 
Ew,(MeV) 
117.2 ±1.5 
133.7 ±1.4 
150.4 ±1.3 
163.8 ±1.3 
(mb) 
175.3 ±23.7 
293.7 ±41.0 
194.3 ±25.9 
116.3 ±17.4 
may include contribution from incomplete fusion along with the complete 
fusion process. The measured cross-section has been given in Table III.5. 
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3.10 The Reaction *^Mn(^ ®Ne, 3a3n)"Cu [Tm = 23.0 m, V =2*]: 
The excitation function for the reaction ^^ Mn (^'^e, 3a3n) ^Cu has 
been measured at four energies of °^Ne ion beam from 117.2 ± 1.5 MeV to 
163.8 ± 1.3 MeV. The residual nucleus decays to ' ^ i by EC (7%) and p^ 
(93%). To study this reaction we followed the y-rays of energy 1333.4 keV 
corresponding to 23.0 m half-life of the residual nucleus '^ Cu produced in the 
complete fusion of ^^e with ^^ Mn followed by the emission of 3a- particle 
and 3 neutrons. The same evaporation residue may be formed by the 
incomplete fusion of ^^ C i.e. 3a-particle (if °^Ne break up into '^ C and *Be) 
followed by the emission of 3 neutron. The measured cross-section therefore 
Table in.5. The measured cross-sectioiis for the production of Cu isotope. 
Etob (MeV) 
117.2 ±1.5 
133.7 ±1.4 
150.4 ±1.3 
163.8 ±1.3 
CT("CU) 
(mb) 
175.3 ±23.7 
293.7 ±41.0 
194.3 ±25.9 
116.3 ±17.4 
may include contribution from incomplete fusion along with the complete 
fusion process. The measured cross-section has been given in Table 111.5. 
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Computer Code PACE-2 
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Computer code PACE-2: 
A large number of different excited configurations are possible for die 
composite system, where a heavy nucleus is bombarded with a projectile. Ilie 
density of quantum mechanical states, increases rapidly with the excitation 
energy and soon becomes very large. Moreover, in the emission of the particle 
from the compound nucleus a large number of residual states may be possible. 
Since a separate study of each state is difficult, models based on the statistical 
methods are important tools for the study of nuclear reaction mechanism. In 
general these two statistical model codes PACE-2 [1] and CASCADE [2] are 
being used for the study of y- spectrum following heavy ion fusion reactions. 
However, there are different approaches for carrying out calculations using 
both the codes. 
The Code PACE-2 [1] is a revised version of code JULIAN [3] \ ^ c h 
follows the correct procedure for angular momentum coupling at each stage, 
during the de-excitation of the excited nuclei. Another advantage of this code 
is that, it gives angular distribution of the emitted particles or residues in the 
laboratory system. This version is called PACE-2 ( Projection Angular 
momentum Coupled Evaporation). This code can handle high excitation 
energies and spin in the short running time, thus enabling its use for high-
energy heavy ion reactions. Masses are read from the mass table of Wapstra 
[4], if the table does not contain mass, rotating liquid drop mass due to Lysekil 
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is substituted. A default level density is taken jfrom Gilbert and Cameron [5]. 
The level density parameter *a* can altanatively be taken as A/constt. The 
program decides during the excitation what level densities and mass it needs, 
and this does not have to be decided in the preparation of input. 
For any specific bombarding energy, the partial cross-section for the 
compound nucleus formations at angular momentum / ,<r, is 
cr ,=;d '(2/+ 1)7) .......4.1 
where X is the reduced wavelength, and T, is taken to be 
T,=[\^t^-^)r 4.2 
A 
A is the diffiiseness parameter and m^ax is determined by the total 
fusion cross-section ap since, 
00 
«^F=Z^/ 4.3 
/ 
The transmission coefficients for light particle emission (n, p, a) were 
determined using optical model potentials. For l^ ax ^ 65 fission can compete 
with particle emission. In this code the fission decay mode may be considered 
using a rotating liquid fission barrier routine [6-7]. Angular momentum 
projections are calculated at each stage of de-excitation, which enables the 
determination of angular distribution of the emitted particles. It may be 
pointed out that PACE-2 code carries out only the statistical equilibrium 
model calculations and does not take into consideration pre-equilibriimi 
emission. The ERs cross-section is determined by the two other parameters: 
(i) the ratio of level densities at the saddle pomt and at the ground state. 
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(ii) the heigbt of the fission barrier (which depends on the total spin) 
The de-excitation process is followed by Monte Carlo procedure; the 
results presented were obtaining using the thousand de-excitation cascade 
events. Several modifications were made to the code in order to adopt it to 
the problems under the consideration and to shorten its running time. These 
are: 
(1) Transmission coefficient for the light particles evaporation is obtained 
during the first step of de-excitation by a fiill optical model calculation. 
(2) A fission decay mode was added using a rotating liquid drop fission 
barrier routine. 
(3) Angular momentum projection is calculated at each stage of de-excitation 
this enables the determination of angular distribution of emitted particles. 
(4) A trace-back feature has been included enabling determination of the 
decay chains and region of E-J plane leading to the specific nuclei. We have 
introduced a dispersion of the initial excitation energy to account for the target 
thickness effects. 
The expression used for the level density, p(E, J) is; 
p{E,J) = p,{U\2J + \)txp {na{U-E,M))y ) 4.4 
where, U = E-P , P is the pairing energy. po(U) was taken fi-om the Gilbert 
and Cameron formalism [5]. At low energies their constant temperature 
formula is used. The code has been further modified to incorporate the level 
density formula by Ramammthy, Kataria and Kapoor [RKK] [8], as an option 
in place of Gilbert-Cameron [5]. 
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Chapter - V 
Results and Discussion 
5.1 Experimental Results: 
Excitation Functions (EFs) for nine reactions induced by °^Ne on "Mn 
target have been measured at energies between 51.4 and 163.8 MeV. The 
reactions are given as: "Mn(^Ve, 2pn)''As, ' 'Mn('^e,a)' 'As, 
^^Mn('^e,an)'°As, "Mn('^e,ap4n) ^Ge, '^MnC'^^Ncapn/'Ge, 
''Mn('°Ne, 2afG?i, '^Mn('<^e, 2an)<^Ga, "Mn(^*^e, 2a2n) '^Ga 
and ^^Mn(^ *^e, 3a3n)*^Cu. To the best of our knowledge no earlier 
measurements are available in literature. The measured excitation functions 
have been listed in Tables in.2-in.5. Measured excitation functions for the 
above reactions have been compared with the statistical model based Monte 
Carlo simulation code PACE-2 [1]. The results so obtained have been 
discussed in terms of the complete and incomplete fusion reaction mechanism. 
5.2 Analysis with Code PACE-2: 
The code PACE-2 [1] is based on the statistical model approach. In this 
code the de-excitation of CN that represent the complete fusion are followed 
by Monte Carlo simulation procedure. The angular momentum projections are 
calculated at each stage of de-excitation, which enables the determination of 
the angular distribution of the emitted particles. Here level density parameter 
'a' has been calculated using the expression a = A/ PLD, under the 
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Fig.5.1 Experimentally measured and theoretically calculated 
excitation function, for the reaction ^^Mn(^^e,a)^°As, using 
code PACE-2 for different values of PLD = 8,10,12. 
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Fig. 5.2 Experimentally measured and theoretically calculated 
excitation function, for the reaction,^ ^Mn(^ %e,a)^ **As, using 
code PACE-2 for different values of PLD = 8,10,12. 
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Fig.5.3 Experimentally measured and theoretically calculated 
excitation function, for the reaction "Mn(^*^e,an)^®As, using 
code PACE-2 for different values of PLD = 8,10,12. 
BTergy(MeV) 
Fig.5.4 Experimentally measured and theoretically calculated 
excitation function, for the reaction "Mn(^%e,apn)*^Ge, 
using code PACE-2 for different values of PLD = 8,10,12. 
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Fig.5.5 Experimentally measured and theoretically calculated 
excitation function, for the reaction ^^ Mn(^ *^ e,ap4n)^ Ge, 
using code PACE-2 for different values of PLD = 8,10,12. 
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Fig. 5.6 Experimentally measured and theoretically calculated 
excitation function, for the reaction "Mn(^°Ne, 2a)^^Ga, 
using code PACE-2 for different values of PLD = 8,10,12. 
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Fig.5.7 Experimentally measured and theoretically calculated 
excitation function, for the reaction "Mn(^^e, 2an)*^Ga, 
using code PACE-2 for different values of PLD = 8,10,12. 
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Fig.5.8 Experimentally measured and theoretically calculated 
excitation function, for the reaction "Mn(^^e, 2a2n)^^Ga, 
using code PACE-2 for different values of PLD = 8,10,12. 
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Fig.5.9 Experimentally measured and theoretically calculated 
excitation function, for reaction ^^Mn(^ *^e, 3a3n)^Cu, using 
code PACE-2 for different values of PLD = 8,10,12. 
prescription of Gilbert and Cameron [2], where A is the mass number of 
compound system and PLD is called level density parameter constant. It is a 
free parameter in the code while its default value is 7.5. An attempt has been 
made to see the effect of variation of PLD on the measured excitation 
functions. Excitation functions corresponding to the different values of PLD 
such as PLD=8, 10, and 12 for the above nine reactions have been shown in 
Figs. 5.1- 5.9. It has been found that, with the choice of the PLD=8, 
theoretically calculated EFs agree fairly well with the measured EFs in 
comparison to the PLD = 10 and 12 for °^Ne + ^^ Mn system, particularly for 
the reaction ^^ Mn( Ne, 2pn)^ ^As, which is produced purely through complete 
fusion process. It is worth to note that from the systematics, PLD=8 is 
accepted value of this parameter for the present system. The optical model 
parameters for emitted light particles (n, p, a) are also taken from systematics 
in the code. The other input parameters in the program have been used as 
default values. 
5.3 Discussion: 
In the present analysis, we have analyzed the EFs for the above nine 
reactions at energies below 8 MeV/A and compared with the theoretical 
prediction based on the code PACE-2. It has been observed that the EF 
correspondmg to the reaction "Mn(Ne, 2pny^As, as shown m Fig.5.10, is well 
reproduced by the PACE-2 calculation corresponding to level density 
parameter constant PLD=8. Within lunits of present theoretical calculations it 
can be remarked that the measured cross-section for the above product ^^ As is 
attributed to the complete fusion process. It is quite obvious as this residual 
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nucleus ^^ As can only be produced through the complete ftision process. 
However, rest of the reactions in the above measurement can be produced by 
the complete as well as by incomplete fusion processes. It has been noticed 
from the Figs.5.10-5.12 and 5.14-5.16 that the experimental reaction cross-
sections for the reactions "Mn(^^e, 2pn)^ ^As, "Mn(^^e,a)^'As, 
^^MnC'^Ncan^As, "Mn( '^e ,apnf Ge, '^Mn('*»Ne, 2a)< '^Ga, 
and "Mn(^°Ne, 2an)*^Ga are satisfactorily well reproduced by PACE-2 
simulation corresponding to same set of PLD=8 input parameter within the 
limits of theoretical calculations, implying here by that these reactions take 
place through CF process. It is important to note that a little disagreement in 
the above reactions may be present due to statistical nature of PACE-2 
calculations, where as finite Monte-Carlo samples are used in cross-section 
calculations [3]. On the other hand comparison of experimentally measured 
excitation functions with PACE-2 calculations for the reactions 
^^Mn(^ °Ne,ap4n) ^Ge, ^^ Mn(^ °Ne, 2a2n) *^ G^a and ^^ Mn(^ °Ne, 3a3n)**Cu 
as displayed in Figs. 5.13, 5.17 and 5.18 show that the enhancement in the 
measured cross-sections for the above reactions by several order of 
magnitudes may be attributed to the ICF, which takes place along with CF 
reaction process. These reaction products are produced mainly by the break-up 
of the projectile °^Ne in the form of cluster of a- particles and the ICF of a 
component or the single identity such as '*0, *^ C or *Be (all having a- cluster 
structure) with the target nucleus ^^ Mn followed by one or more a-particles 
moving in the forward direction almost with the velocity of the projectile. 
Thus break-up of ^*^e into ('^ O + '^ He) and ('^ C + *Be) and subsequent 
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Fig.5.12 Experimentally measured and theoretically calculated 
excitation function, for the reaction "Mn(^^e,an)^®As, using 
code PACE-2 corresponding to PLD = 8. 
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Fig.5.13 Experimentally measured and theoretically calculated 
excitation fimction, for the reaction,^^Mn(^e, ap4n)*'**Ge, using 
code PACE-2 correspoding to PLD = 8. 
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Fig.5.14 Experimentally measured and theoretically calculated 
excitation Amction, for the reaction ^^Mn(^^e, apn)* '^Ge, using 
code PACE-2 corresponding to PLD = 8. 
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Fig.5.15 E5q)erimentally measured and theoretically calculated 
excitation function, for the reaction, '^Mn(^°Ne, 2a)^''Ge, using 
code PACE-2 corresponding to PLD = 8. 
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Fig.5.16 Experimentally measured and theoretically calculated 
excitation function, for the reaction/^Mn(^^e,2a)^Ga, using 
code PACE-2 corresponding to PLD = 8. 
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Fig.5.17 Experimentally measured and theoretically calculated 
excitation function, for the reaction,^^Mn(^^e, 2a2n)"Ga, using 
code PACE-2 corresponding to PLD = 8. 
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Fig.5.18 Experimentally measured and theoretically calculated 
excitation function, for the reaction,^ ^Mn(^°Ne, 3a3n)**Cu, using 
code PACE-2 corresponding to PLD = 8. 
fusion of one of the fragments *^0, *^ C and *Be with the target nucleus ^ ^Mn 
fonns a composite system which produces ^Ge, ^^ Ga and ^Cu during its 
thermalization by emission of protons and neutrons. The same evaporation 
residues may also be produced by complete fusion of *^*Ne with ^^ Mn followed 
by the emission of a-particle, proton and neutrons. Hence, it is quite clear 
from above investigation that ICF of the projectile ^^e with target nucleus 
^^ Mn is also an important mechanism through which the reaction takes place, 
apart from CF reaction mechanism. However, to get more information about 
relative confribution of these two processes either in-beam measurement or 
recoil range distribution (RRD) measurement of evaporation residues may be 
under taken. 
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